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Preface 


This  research  studied  electroencephalographic  (EEG) 
signals  during  the  evolution  of  motion  sickness.  It  used 
cepstral  transformation  techniques  and  hypothesis  testing  to 
investigate  the  relationships  between  phenytoin  serum  levels 
and  malaise  period  EEG  signals.  It  used  the  same  techniques 
to  study  the  relationships  between  phenytoin-malaise  period 
EEG  signals  and  placebo-malaise  period  EEG  I+- 

studied  the  relationships  between  pre-malaise  period  EEG 
signals  for  phenytoin  and  placebo  trials. 
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for  his  patience  in  reviewing  my  work.  I  thank  my  GSO 
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Abstract 

Eighteen  male  subjects  were  given  the  drug  phenytcin 
a  double-blind,  placebo-controlled  crossover  e>;pe r i rer'.t .  .‘-u 
jocts  were  rotated  in  a  motion  chair  while  eight  physiologic 
parameters  v;ere  measured. 

This  research  analyzed  1  ronta  1 -mid  1  i  ne  EEC-  sicjnal^'-  1 
trends.  Copstral  transformations  were  used  to  isolate  IjOu 
amplitude  EEG  frequencies  during  the  evolution  cl  mcti 
sickness.  Regression  analysis  and  paired-t  tests  were  apt)]  i 
to  this  data  to  identify  relationships  betwc:en  phenytoin  sen 
levels  and  EEG  frequencies.  Although  the  drug  delayed 
prevented  the  onset  of  emesis,  no  statistically  significa. 
relationships  were  found  between  phenytoin  serum  levels  a 
frontal-midline  EEG  signals. 
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A  Cfc-PSTRAL  ANALYSIS  OF  EEG  SIGNALS  IN  MOTION  SICKNESS  STUDIES 


I.  INTRODUCTION 

P;  a  ckq  round 

Motion  sickness  is  a  generic  term  which  encompasses  air 
sickness,  sea  sickness,  car  sickness,  space  sickness,  and  any 
ether  form  of  sickness  induced  by  perceived  or  actual  motion. 
!t  is  qerierally  considered  a  disease,  but  is  also  a  ncrm.al 
response  to  an  abnormal  environment  (6:1).  The  four  m.ost 
common  sym.ptoms  of  motion  sickness  are  nausea,  vom.it  ing, 
pallor,  and  cold  sweating.  Other  associated  sym.ptom.s  are 
dizziness,  disorientation,  tingling  in  the  limbs,  fatigue, 
•.•••aimth,  light-headedness,  dry  or  acid  m.outh,  stomachache, 
headache,  anxiety,  apathy,  and  in  rare  cases,  unconsciousness 
.24:1). 

The  currently  accepted  explanation  for  motion  sickness 
trie  sensory  conflict  theory  (SCT).  The  SCT  is  a  theory 
which  postulates  that  m.otion  sickness  occurs  when  the  brain 
cannot  reconcile  various  position  and  movement  input  data  with 
cstablishea  templates  of  similar  inputs.  This  results  in  a 
condition  that  initiates  the  physiological  state  which  can 
;  rciuce  m.otion  sickness  (24:3-2).  These  input  data  come  from, 
tn*-  visual  system,  the  semiicircular  canals,  and  the  propric- 
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ceptive  sensors.  The  semicircular  canals,  locatoil  within  tij^: 
inner  ear,  are  fluid-filled  channels  that  detect  ration  .i.n  i 
help  control  balance.  Proprioceptive  sensors  perm- it  e  tl.e 
muscles  and  joints  of  the  body,  and  provide  the  lira  in  wit;, 
position  and  muscle  tension  data  such  as  where  the  leqs  arc. 
in  relation  to  each  other  (24:2)  .  The  templates  are  .''■.er-or  i  es 
of  a  motion  experience.  The  SCT  asserts,  that  when  durinq  a 
motion  event  any  two  of  the  detection  systems  agree  with  Ga.s;i 
other,  and  the  brain  can  correlate  the  event  with  a  temp' 1  a t e  , 
normal  reactions  to  the  event  occur.  However,  if  the  detectors 
cannot  agree,  or  if  no  template  is  present,  one  experiences 
the  physiological  upheaval  commonly  known  as  "motion  sickness" 
(2)  . 

Justification 

Within  the  aerospace  environment,  motion  sickness  can  be 
an  extrem.ely  debilitating  development  that  sometimes  leads  to 
fatal  accidents.  Dhenin  reported  that  aircrew  mer.bers  often 
xperienced  motion  sickness  during  maneuvering  and  aerobatics, 
during  lengthy  low  altitude  flights,  and  after  simulatcr 
t raining  (6:470-472). 

Davis  describes  Space  Motion  Sickness  as  "the  most  clini¬ 
cally  significant  medical  phenomenon  during  the  first  several 
days  of  spaceflight"  (5:1185).  He  also  reports  that  on  the 
first  24  flights  of  the  Space  Shuttle,  "The  incidence  of 
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[notion  sickness]  during  a  first  Shuttle  flight  for  S5 


crev^TTierabcrs  was  67%"  (5:11C5).  He  then  graded  the  specific 

occurrences  using  the  criteria  outlined  in  Figure  1. 


SPACE  MOTION  SICKNESS 
GRADING  CRITERIA 

None ( 0 ) :  No  signs  or  symptoms  reported  with  the  exception 
of  mild  transient  headache  or  mild  decreased  appetite. 

M i  1  d  f  1  ]  :  One  >_o  several  symptoms  of  a  mild  nature;  may 
be  transient  and  only  brought  on  as  the  result  cf  head 
movements;  no  operational  impact;  may  include  single 
episode  of  retching  or  vomiting;  all  symptoms  resolved 
in  36-48  hours 

Moderate  f  2 ]  :  Several  symptoms  of  a  relatively  persistent 
nature  which  may  wax  and  wane;  loss  of  appetite;  general 
malaise,  lethargy  and  epigastric  discomfort  may  be  most 
dominant  syuiptoms ;  include?  no  more  than  two  episodes  of 
vomiting;  minimal  operational  impact;  all  symptoms 
resoli/ed  in  72  hours. 

Severe  f  3 )  :  Several  symptoms  of  a  re.latively  persistent 
nature  that  may  '..'ax  and  wane;  in  addition  to  loss  of 
appetite  and  stomach  discomfort,  malaise  and/or  lethargy 
are  pronounced;  strong  desire  not  to  move  head;  includes 
more  than  two  episodes  of  vomiting;  significant  perfor- 
m.ance  decrement  may  be  apparent;  symptoms  may  persist 
beyond  72  hours. 

Figure  1:  Space  Motion  Sickness  Grading  Criteria  (5:1186) 

Of  the  57  cases  (67%  of  85),  26  (46%  of  57)  were  rated  "mild," 
20  (35%)  "moderate,"  and  11  (19%)  "severe"  (5:1186).  The 
m.oderate  and  severe  cases  accounted  for  54%  of  the  reported 
cases  of  motion  sickness. 

Those  crewTTiembers  who  experienced  moderate  or  severe 
sickness  were  debilitated  in  some  way  so  as  to  delay  or 
degrade  duty  performance.  In  fact,  Davis  further  reports  that 


"A  Minimum  Duration  Flight  (MDF)  lasts  at  least  three  days  in 
order  to  ensure  that  the  crew  has  recovered  for  all  entry  and 
landing  activities"  (5:1185).  Chelen  related  that  on-orbit 
delays  directly  due  to  motion  sickness  cost  NASA  nearly  $10 
million  per  flight  (2). 

Consequently,  motion  sickness  needs  to  be  prevented  or 
cured.  Not  only  is  it  potentially  fatal  as  in  aircrew  opera¬ 
tions,  but  it  is  too  expensive  a  problem  to  be  left  unsolved. 
Dr.  Patricia  Cowings,  a  NASA  researcher  states; 

Finding  a  solution  to  this  biomedical  problem 
has  become  a  very  high  priority  goal  of  the 
manned  space-flight  program  because  of  its  po¬ 
tential  impact  on  crew  safety,  comfort  and 
operational  efficiency  during  Shuttle  missions. 

(4:3) 


Current  Treatments 

There  are  three  major  avenues  of  treatment  for  motion 
sickness;  Desensitization,  Autogenic-Feedback  Training  (AFT), 
and  drug  treatments. 

Desensitization  training  is  based  on  the  theory  that 
repeated  exposure  to  stimulus  eventually  constructs  a  template 
wherein  the  brain  will  be  able  to  resolve  conflicting  inputs. 
These  templates  will  then  prevent  the  onset  of  motion  sick¬ 
ness.  NASA's  interest  in  this  treatment  stems  from  astronauts' 
reports  of  increased  resistance  to  sickness-inducing  stimulus 
after  spaceflight  (25:A1). 
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Problems  exist  with  this  form  of  training.  It  is  expen¬ 
sive;  those  who  are  highly  susceptible  to  motion  sickness  tend 
to  adapt  slowly,  if  at  all.  It  is  also  extremely  difficult  to 
duplicate  weightlessness  in  a  1-g  environment  for  training 
purposes  (4:2)  . 

The  objective  of  Autogenic-Feedback  Training  is  to  train 
crevvTTiembers  to  prevent  motion  sickness.  This  is  accomplished 
through  Autogenic  Therapy,  which  involves  "physiological  self¬ 
regulation"  (4:3).  One  basis  for  using  AFT  is  that  during 
motion  sickness,  the  body  exhibits  marked  changes  in  many 
physiological  parameters  such  as  heart  rate,  breathj.ng  rate, 
and  sweating.  While  it  is  currently  questioned  whether  these 
changes  are  strictly  effects  or  synergistic  causes  with  the 
original  stimulus,  proponents  of  AFT  contend  that  by  control¬ 
ling  the  physical  manifestations  of  motion  sickness,  the 
skilled  practitioner  can  control,  or  prevent,  the  onset  of  the 
illness  (4:4) . 

AFT  has  shown  only  marginal  results.  Crewmembers  trained 
in  AFT  demonstrated  less  than  60%  increased  resistance  to 
sickness-inducing  motion  stimulus  (4:52).  Also,  costs  con¬ 
nected  with  AFT  could  reduce  its  even  limited  utility.  First 
there  is  a  time  cost.  Training  times  must  be  extended  by  as 
much  as  one  year  to  include  AFT  (4:3).  Second,  not  everyone 
can  master  the  techniques  of  AFT  (2).  Finally,  and  not  insig¬ 
nificantly,  crewmember  motivation  may  hinder  learning  (4:34)  . 
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Drug  treatments,  while  holding  much  promise,  have  so  far 
shown  only  limited  success  in  mitigating  motion  sickness. 
Graybiel,  et.  al.  have  concentrated  on  testing  four  drugs  in 
varying  combinations: 

1)  Dramamine, 

2)  Scopolomine, 

3)  Promethazine,  and 

4)  Dextro-amphetamine  (Dexedrine)  (12  :  773)  . 

Graybiel  tested  volunteers  in  parabolic  flight,  administering 
1,  2,  and  3  by  intramuscular  injection.  He  reported  that  62% 
of  his  subjects  expressed  some  degree  of  relief  from  motion 
sickness  (12:775).  (However,  his  criteria  for  defining  relief 
involved  only  the  subject's  ability  to  perform  series  of  head 
motions,  not  the  amelioration  of  the  sickness.)  The  injec¬ 
tions  usually  produced  their  effects  within  10  minutes. 
Sickness  was  not  prevented,  but  the  symptoms  were  temporarily 
abated,  and  incapacitated  subjects  could  resume  their  tasks 
(12:776).  Davis  reported  that  combinations  of  2  and  4  were 
only  marginally  effective  in  treating  space  motion  sickness 
(5: 1188)  . 

The  principal  obstacle  in  treating  motion  sickness  with 
drugs  is,  as  Harm  states,  "elucidating  the  specific  physiolog¬ 
ical  mechanisms  and  precise  neural  pathways  responsible  for 
the  expression  of  motion  sickness  symptomatology"  (13:7).  In 
other  words,  researchers  have  yet  to  find  the  exact  mechanisms 
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of  cause  and  expression  of  motion  sickness.  Drugs  influence 
specific  cell  sites  and  receptor  functions.  Without  knowing 
those  exact  causes  of  motion  sickness,  drugs  treatments  will 
continue  to  show  only  marginal  results. 

Another  major  drawback  of  drug  treatments  is  unwanted  and 
possibly  dangerous  side-effects.  All  the  drugs  listed  pre¬ 
viously,  except  Dexedrine,  are  depressants  (24:2).  Dosage  of 
the  drug  sufficient  to  prevent  motion  sickness  has  caused  test 
subjects  to  become  extremely  disoriented  and  in  some  cases, 
induced  stupor  (2).  Even  in  lower  dosages  that  simply  al¬ 
leviate  some  of  the  symptoms,  the  drugs  cause  blurred  vision, 
and  drowsiness  (12:775). 

AFIT  researchers,  however,  are  currently  experimenting 
with  the  drug  phenytoin,  commercially  known  as  Dilantin. 
Dilantin  has  been  successfully  used  for  nearly  60  years  to 
treat  and  prevent  epileptic  seizures.  Chelen  showed  very  low 
frequency  brain  waves  which  appeared  during  emesis  as  being 
similar  to  brain  wave  patterns  sometimes  associated  with 
partial  epileptic  seizures  (1:8).  Tests  performed  on  16 
subjects  treated  with  Dilantin  resulted  in  at  least  a  300% 
increased  resistance  to  motion  stimuli  for  14  of  those 
subjects.  The  other  two  suffered  adverse  reactions  to  the 
drug.  The  average  increase  was  a  factor  of  6  to  8,  and  in  some 
cases,  Dilantin  effected  an  equivalent  cure  (1:1).  An  added 
benefit  of  phenytoin  is  the  absence  of  serious  detrimental 
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side-effects  when  compared  with  other  motion  sickness  preven¬ 
tion  drugs. 

Historical  Indicators 

ELECTROCARDIOGRAM  (EKG) : 

The  EKG  measures  the  electrical  potentials  generated  by 
the  heart  (24:5).  AFIT  researchers  had  used  this  primarily  to 
monitor  heart  rates  to  detect  possible  occurrences  of  cardiac 
arrhythmias  (24:5;  3).  AFIT  studies  have  reported  a  few 

instances  of  sinus  arrest  and  bradycardia.  Most  notably, 
Hartle,  McPherson,  and  Miller  observed  three  separate  cases 
(14:69).  Only  one  case  was  reported  in  19S7,  and  this  was 
detected  during  the  recuperation  period  after  the  formal 
experiment  (11:28).  Since  then,  to  avoid  any  danger  to  the 
test  subject,  AFIT  researchers  end  experimentation  upon  first 
indications  of  serious  arrhythmias  (22:17). 

ELECTRONYSTAGMOGRAPH  (ENG): 

The  ENG  measures  the  changes  in  potentials  generated  by 
movement  of  the  choreo-retinal  dipole  of  the  eyes  (24:6). 
Since  1985,  AFIT  researchers  have  used  the  traditional 
configuration  of  one  set  of  ENG  detectors  to  measure  horizon¬ 
tal  movements  and  another  to  measure  vertical  movements 
(22:18) . 
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GASTRO-INTESTINAL  MEASURES  (GI): 

Since  1986,  AFIT  researchers  have  measured  GI  abdominal 
surface  potentials  using  techniques  similar  to  traditional 
electrogastrography .  A  battery  of  paired  electrodes  was 
arrayed  over  the  abdomen  to  detect  and  possibly  localize 
sources  of  electrical  activity.  In  1987  the  teams  began  using 
a  phonosplanchnogram  to  record  bowel  sound  activity  (10:13). 
This  device  uses  two  very  sensitive  microphones  to  detect 
bowel  sounds,  and  with  a  differential  amplifier,  cancels  out 
common  signals  (presumably  noise)  leaving  true  bowel  signals 
(2;  17). 

PALLOR: 

A  photoplethysmograph  (PPG)  is  used  to  optically  measure 
relative  blood  flow  at  points  on  the  skin  surface  (24:7).  The 
1985  and  1986  teams  used  both  facial  and  finger  PPGs.  The  1987 
team  used  only  the  facial  PPG.  The  1988  team  used  both  facial 
and  finger  PPGs. 

RESPIRATION: 

AFIT  researchers  measured  respiration  with  two  dirferent 
devices:  a  pneumograph  to  detect  chest  and  abdominal  expan¬ 

sion  and  contraction,  and  a  spirometer  to  measure  lung  volume 
air  flow  during  inspiration  and  exhalation  (24:8).  The 
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pneumographs  are  belts  with  implanted  strain  gauges  which  are 
wrapped  around  a  subject's  chest  and/or  abdomen. 

All  AFIT  research  teams  used  pneumographs  to  measure 
respiration.  One  was  to  measure  only  abdominal  respiration, 
while  the  other  measured  only  thoracic  respiration  (14:41). 
Additionally,  they  calibrated  these  gauges  for  each  subject 
by  comparing  their  data  with  actual  breathing  volumes  derived 
from  the  spirometers  (14:41). 

ELECTROENCEPHALOGRAM  (EEG) : 

EEG  analysis  in  motion  sickness  has  traditionally  been 
confined  to  changes  and  abnormalities  in  the  familiar  range 
of  brain  wave  activity.  This  range  is  delircat_d  as  follows: 
alpha  waves--8  to  13  Hz;  beta  waves — 14  to  30  or  greater  Hz ; 
delta--l  to  3  Hz;  theta--4  to  7  Hz  (15:1)  However,  traditional 
analysis  failed  to  find  any  significant  EEG  responses  to 
motion  sickness  (3:3).  It  was  not  until  after  the  198o  AFIT 
team  discovered  a  distinctive  wave  pattern  below  1  Hz  (the 
sub-delta  range)  that  researchers  investigated  that  region  of 
the  spectrum. 

Chelen  et.  al .  (in  publication)  first  hypothesized  that 
partial  seizure  activity  was  similar  to  motion  maladaptat ion 
(3:8).  That  idea  was  tested  by  the  1988  AFIT  team  using  Dr. 
Chelen's  research  protocol,  "Evaluation  of  the  Therapeutic 
Effects  of  Dilantin  in  Motion  Sickness." 
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Problem  Statement 


The  purpose  of  this  thesis  research  was  to  continue 
collecting  biophysical  data  on  volunteer  subjects,  to  analyze 
the  data,  and  to  improve  upon  motion  sickness  predictors 
developed  by  previous  AFIT  motion  sickness  research  teams.  As 
a  corollary,  it  also  studied  the  efficacy  of  the  anticonvul¬ 
sant  drug  phenytoin  (Dilantin)  on  the  evolution  of  motion 
sickness . 

Scope 

This  research  continued  the  AFIT  motion  sickness  studies. 
Tt  ’'•'.c  limited  to  the  following: 

1.  Collecting  and  analyzing  EEC  data  on  subjects  up  to 
5  Sep  89.  All  18  subjects  included  were  male  military 
personnel.  Female  subjects  were  not  accepted  in  this 
effort  since  phenytoin  is  teratogenic  and  may  affect 
potential  pregnancies. 

2.  Analyzing  the  effect  of  phenytoin  on  motion  sickness. 

3.  Improving  on  the  mathematical  models  presently  used 
to  predict  a  test  volunteer's  subjective  sense  of  motion 
sickness . 

Assumptions 
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1.  Motion  sickness  has  a  neurological  basis.  Specifical¬ 
ly,  it  arises  from  sensory  conflict. 

2.  Motion  sickness  is  related  to  partial  seizures. 

3.  Laboratory-induced  motion  sickness  is  similar  to  that 
observed  in  the  real  world. 

4.  The  evolution  of  motion  sickness  produces  distinct 
and  measurable  changes  in  physiological  parameters. 

5.  The  amount  of  change  correlates  to  the  level  of  motion 
sickness  reported  by  the  subject. 

6.  Motion  sickness  can  be  suppressed,  precluded,  or 
possib'^y  cured  with  an  anticonvulsant  drug  such  as 
phenytoin . 

7.  Physiological  parameters  can  be  used  to  predict  levels 
of  motion  sickness. 

8.  The  observed  physiological  changes  were  in  fact  a 
result  of  motion  sickness  and  not  equipment  malfunctions. 

9.  Subjects  were  accurate  when  reporting  sickness  levels. 

Equipment  and  Materials 
Equipment . 

1.  An  electrically  powered  rotating  chair,  the  associated 
control  panel,  and  the  following  electrodes  attached  to  each 
sub j  ect : 

(a)  A  Marshall  Electronics  Astropulse  90  blood  pressure 
cuff  for  measuring  blood  pressure; 
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(b)  Two  pneumographs  for  measuring  abdominal  and  thoracic 
respiration ; 

(c)  Three  photoplethysmographs  for  measuring  skin  pallor; 

(d)  An  INTECH  Systems  DIF-STET  differential  stethoscope 
(phonosplanchnograph)  for  recording  audible  gastrointes¬ 
tinal  mechanical  activity; 

(e)  Two  electrosplanchnographs  for  electrical  measure¬ 
ments  of  the  gastrointestinal  tract; 

(f)  Two  electronystagmographs  for  measuring  horizontal 
and  vertical  eye  movement; 

(g)  An  electrocardiograph  for  measuring  heartbeat; 

(h)  Five  electroencephalograph  channels  for  measuring 
brain  wave  activity; 

(i)  A  ballistocardiograph  for  measuring  the  force  of  the 
heart-beat . 

2.  The  following  recording  instrumentation: 

(a)  A  SOLTEC  model  8K26  series  16-channel  strip  chart 
recorder ; 

(b)  A  Kyowa  Dengo  RTP-610  14-channel  Beta  tape  recorder; 

(c)  A  Zenith  248  personal  computer  for  real-time  data 
analysis , 

3.  Supplementary  equipment  included: 

(a)  A  16-channel  low  pass  filter  bank; 

(b)  A  Spiropet  hand-held  spirometer; 
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(c)  A  Spirometries,  Inc.,  Flowmate  Version  2.0  spiro¬ 


meter  ; 

(d)  A  Cyborg  Thermal  P642  digital  thermometer; 

(e)  A  Realistic  wireless  FM  microphone  used  to  transmit 
subject's  voice  transmissions; 

(f)  An  Ace  bandage  used  in  pallor  calibration; 

(g)  A  sphygmomanometer,  also  used  in  pallor  calibration; 

(h)  A  portable  cassette  tape  player  which  played  the 
recorded  head  movement  commands; 

(i)  A  Comm.odore  64  personal  computer  used  to  conduct 
cognition  and  performance  tests  before  experiments; 

(j)  A  Puritan-Bennet  Corporation  DATEX  223  Carbon  Dioxide 
Tionitor . 

Katerials 

1.  The  drug  phenytoin; 

2.  Disposable  Medtronic  Medical  "Huggables"  infant  monitoring 
electrodes  used  as  electronystagmograph  electrodes; 

3.  Disposable  ConMed  adult  ECG  electrodes  used  as  electrocar¬ 
diograph  and  electrosplanchnograph  electrodes; 

4.  A  standard  issue  Air  Force  flight  sickness  bag; 

5.  Alcohol  pads  used  to  clean  subject's  skin  before  electrode 
placement ; 

6.  Platinum  subdermal  electrodes  used  as  electroencephalograph 
e 1 ectrodes ; 
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7.  Beta  video  tapes  used  in  the  14-channel  tape  recorder; 

8.  Subject  questionnaires  and  histories; 

9.  Analysis  software: 

ASYSTANT,  by  Adaptable  Laboratory  Softv.-are,  I-ticnil- 
lan  Software  Company; 

CODAS,  by  Dataq  Instruments,  Inc.; 

QUATTRO ,  by  Borland;  and 

STATISTIX,  bv  h’H  Analytical  Software. 
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Dr.  William  C.helen  (M.D.,  B.S.E.E.)  was  a  imporfar.f 

member  of  this  research  team.  Having  been  continuously 
involved  with  the  AFIT  motion  sickness  research  program  since 
19-'5,  he  provided  critical  corporate  knowledge  to  this  set  of 
‘  ■'•periment^  .  He  devised  and  constructed  most  of  the  physiclog- 
mcal  sensors,  .including  uhe  very  sensitive,  extended- frequen¬ 
cy-range  electroencephalograph  amplifiers.  Dr.  Chelen  was 
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He  adm.inistered  the  anticonvulsant  arug  phenytoin.  He  con¬ 
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i  1 -re  i  no  of  mho  subjects 
: .rally,  no  provided  vaiuai 


physical  exam.s. 
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II.  PAST  MOTION  SICKNESS  MODELS 


This  chapter  discusses  previous  motion  sickness  -ode  is. 
developed  by  AFIT  research  teams.  One  of  the  goals  of  AFIT 
research  is  to  construct  a  reliable,  consistent,  and  descrip-- 
tive  mathematical  model  to  predict  the  evolution  of  motion 
sickness.  Such  a  model  would  be  useful  in  attempts  to  tre  it 
motion  sickness  through  biofeedback  or  drug  therapy.  The 
follov;ing  summary  is  not  meant  to  denigrate  the  efforts  of 
earlier  teams,  but  to  underscore  the  difficulties  of  collect¬ 
ing  reliable  and  reportable  data. 

19  8  3 

Earl  and  Peterson,  in  1983,  began  work  to  help  the  .t'euii  - 
psychiatry  Branch  of  the  USAF  School  of  Aerospace  Medicine. 
They  began  to  develop  an  automated  data  acquisition  system,  to 
monitor  "relevant  physiological  responses"  in  support  cf  on.e 
School's  autogenic-feedback  training  program  (3:1-2).  'l:'.ey 

assembled  an  integrated  set  of  hardware  that  could  m:0?.L-ur'i, 
in  real-time,  ohe  evolution  of  a  subject's  symptom:s  (3:1-  ,  . 

In  line  with  autogenic-feedback  training,  they  intv  n,  ; 
to  measure  the  following  parameters:  pul  se-to-pu  1  s'l  ro:  int 
rate,  gastric  motility,  respiration  rate,  and  skir.  p.;’.  .  r 
(8:11-1).  They  published  no  data,  but  did  recom:’',end 

formulating  a  method  of  calculating  a  weighted  sor, 

of  the  relevant  physiological  measurcmicnts  t 
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determine  a  so-called  'motion  sickness  factor' 

(This  quantity  will  show  the  advancement  of  motion 
sickness  symptoms  and  may  need  to  be  adjusted  for 
each  individual  being  trained.)  (8:1-2) 

In  essence,  they  recom.mended  formulating  a  mathematical  model 

to  describe  how  the  physiological  measurements  contributed  to 

the  evolution  of  motion  sickness. 

1984 

In  1984,  Fitzpatrick,  Rogers,  and  Williams  finished 
integrating  the  data  collecticii  computer  and  sensors  started 
by  Earl  and  Peterson.  They  were  able  to  validate  the  concept 
of  computerized  data  collection  (9:6-1).  They  also  published 
no  data,  but  recommended  experimental  approaches  and  analysis 
techniques  (9:6-2, 3). 


1985 

The  1985  team  of  Jarvis  and  Uyeda  took  the  first  steps 
to  develop  a  mathematical  model.  They  noted  percentage 
increases  in  skin  pallor,  galvanic  skin  resistance,  and 
intestinal  activity  (16:105). 

However,  they  had  no  standardized  experimental  protocol 
(16:76).  This  alone  creates  questions  in  their  conclusions. 
Their  sample  size  was  very  small,  and  the  laboratory  ex¬ 
perienced  constant  air  conditioning  breakdowns  (16:73,  92). 
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In  1986,  Hart.le,  McPherson,  and  Miller  developed  separate 
motion  sickness  equations.  They  each  hypothesized  a  linear 
relationship  between  a  subject's  symptom  level  and  the  data 
collected  from  that  subject  (14:91;  18:47;  19:88).  They  then 
used  multivariate  statistics  to  construct  equations  relatinq 
a  dependent  variable,  the  reported  symptom  level,  to  a  linear 
combination  of  independent  variables,  the  biophysical  data. 
The  major  criticism  of  these  works  is  the  arbitrary  assumption 
of  linearity  between  biophysical  parameters  and  the  evolution 
of  motion  sickness.  Linear  relationships  between  the  data 
cannot  explain  the  "avalanche  phenomenon" --a  slow  build-up  of 
motion  sickness  symptoms,  followed  by  an  extremely  rapid  onset 
of  emesis.  Miller  himself  reported  this  occurrence,  but 
offered  no  explanation  (19:67). 

Since  their  data  base  consisted  of  only  12  subjects,  the 
validity  of  the  statistical  results  is  questionable.  Also, 
they  did  not  use  the  same  parameters  for  every  subject  (18:85- 
170)  . 

Some  of  the  team's  data  were  also  suspect.  The  laboratory 
was  not  air  conditioned,  yet  some  of  the  experiments  took 
place  in  the  summer  when  temperatures  reached  into  the  SO's. 
They  collected  data  on  surface  skin  temperature  and  galvanic 
skin  response,  which  are  greatly  affected  by  sweating.  Their 
findings  could  have  been  contaminated  by  the  elevated  room 
temperatures.  I,astly,  Drylie  later  reported  that  some  sensor 
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application  techniques  irritated  the  skin,  masking  the 
physiological  changes  consequent  to  motion  sickness  (7:12). 


1987 

The  1987  team  of  Fix  and  Drylie  continued  the  work  of 
Hartle,  McPherson,  and  Miller.  Still  faced  with  an  uncon¬ 
trolled  environment,  they  installed  a  portable  room  air 
conditioner  to  attempt  to  maintain  a  workable  temperature 
range.  They  also  streamlined  the  subject  preparation  proce¬ 
dures,  and  refined  methods  to  calibrate  the  sensors  (7:10- 
11) .  They  made  a  significant  improvement  in  data  accuracy  by 
adding  a  filter  bank  to  eliminate  60  Hz  hum  (7:13). 

Fix  modeled  motion  sickness  with  an  equation  and  a  neural 
network.  Both  used  the  same  experimental  data — electrosplanch- 
nogram  (ESG) ,  electronystagmogram  (ENG) ,  thoracic  respiration 
(THO) ,  and  galvanic  skin  resistance  (GSR)  (10:14). 

Questions  exist  concerning  the  validity  of  the  data.  Even 
though  the  1987  team  took  steps  to  control  the  experimental 
environment,  they  were  still  plagued  with  unreliable  air 
conditioning  equipment.  Drylie  noted  that  "it  was  sometimes 
possible  to  maintain  the  temperature  in  the  ideal  22  to  24 
degree  Centigrade  (71  to  75  degree  Fahrenheit)  range"  (7:11). 
Both  the  ENG  and  GSR  data  can  be  greatly  influenced  by  a 
subject  sweating  (2). 
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since  both  of  Fix's  models  depended  on  these  data,  it  is 

not  surprising  that  they  were  not  accurate.  Fix  himself  states 

One  remaining  problem:  since  this  equation  is  an 
average  of  several  subjects,  it  may  not  fit  an 
individual  subject.  This  problem  is  alleviated  by 
using  several  parameters  in  the  equation,  but  not 
completely.  Therefore,  there  is  a  provision  to 
multiply  the  output  by  a  constant  factor  returned 
by  the  function  fudge().  If  the  program  consistent¬ 
ly  displays  a  number  that  is  greatly  different  from 
the  subject's  reports,  the  operator  types  the 
number  the  subject  is  reporting.  Fudge ()  then  com¬ 
putes  a  factor  that  will  move  the  indicator  half 
the  distance  from  the  computed  value  toward  the 
reported  value  (10:31-32). 


Even  with  his  "function  fudge()".  Fix's  :.odels  reported 
sickness  levels  from  0  to  12,  while  actual  subject  reports 
ranged  only  from  0  to  10  (10:23).  He  was,  however,  the  first 
AFIT  researcher  to  report  "recognizable  patterns  in  the 
physiological  data"  (10:33).  This  laid  the  conceptual  ground¬ 
work  for  the  subsequent  research  teams  to  use  more  advanced 
neural  networks  in  their  analysis. 


1988 

The  1988  team  of  Scott  and  Morales  modeled  motion 
sickness  using  Abductive  Reasoning  Mechanism  (ARM)  software 
developed  by  Barron  Associates  (21)  .  The  ARM  software  is  a 
neural  net  that  relies  on  the  concepts  of  abduction  and 
polynomial  network  theory. 

Abductive  reasoning  can  be  distinguished  from,  both  induc¬ 
tive  and  deductive  reasoning.  Abduction  is  "the  act  or  process 
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of  reasoning  from  a  set  of  general  principles  to  particulars 
or  other  general  principles  under  uncertainty"  (21:22).  It  is 
therefore  similar  to  deduction.  However,  whereas  deduction 
requires  that  a  relationship  exist  between  separate  sets  of 
data,  abduction  only  needs  a  "consistency  of  the  relationships 
among  independent  observations  of  the  data"  (21:22).  Also, 
deduction  uses  the  syllogism  as  its  basic  mechanism,  while 
abductive  reasoning  uses  abductive  functions.  An  abductive 
function  is  "simply  any  function  representing  the  relation¬ 
ships  of  a  set  of  input  variables  to  a  set  of  outputs"  (21- 
:  22)  . 

The  heart  of  ARM  is  the  Algorithm  for  Synthesis  of 
Polynomial  Networks — ASPN.  The  objective  of  the  ASPN  process 
is  to  create  a  model  as  accurate  as  possible  without  overfit¬ 
ting  the  data  (21:36).  What  sets  ASPN  apart  from  other 
modeling  techniques  is  that  few  a  priori  assumptions  about  the 
model  are  required  (21:35).  Information  is  processed  through 
a  network  from  input  variables  to  output  variables.  The 
network  is  called  the  abductive  polynomial  network  (APN) .  Each 
node  in  the  net  represents  a  polynomial  equation,  and  the 
connectivity  coefficients  are  learned  inductively  (21:36)  .  The 
ASPN  then  "finds  the  proper  network  structure  and  adjusts  the 
coefficients  within  each  node  of  the  network  to  minimize 
either  a  predicted  squared  error  or  minimum  description  length 
modeling  criterion"  (21:36).  Network  modeling  by  polynomial 
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equations  is  based  on  Barron's  interpretation  of  Kolir.ogorov  '  s 

representation  theorem.  Montgomery  cites  Barron: 

four  layer  networks  can  represent  any  function 
provided  elements  are  allowed  which  implement 
arbitrary  continuous  functions  of  one  variable  as 
well  as  elements  which  simply  implement  the  sum  of 
several  variables  (21:34). 

Barron's  foundational  premise  for  ASPN,  then,  is  that  a 
network  can  model  any  function,  provided  it  can  implement 
continuous  functions.  The  ARM  software,  therefore,  works  on 
the  theory  that 

if  there  exists  a  function  that  can  model  an  under¬ 
lying  relationship  among  data,  then  that  function 
can  be  represented  by  a  network  of  arbitrary  con¬ 
tinuous  functions,  and  since  polynomials  can  ap- 
pa.oximate  any  continuous  function,  then  polynomial 
networks  can  also  model  any  function.  Therefore, 
the  problem  can  be  reduced  to  one  of  discovering 
the  polynomial  network  (as  the  abductive  function) 
to  model  the  relationships  among  variables  given  a 
data  base  of  sample  observations  (21:34). 


Essentially,  if  a  functional  relationship  exists  among  the 
inputs,  the  ASPN  can  "discover"  that  function  through  inter¬ 
connected  polynomial  equations.  These  equations  then  become 
the  model  of  the  particular  inputs. 

Scott  modeled  motion  sickness  using  electrocardiogram 
(EKG) ,  thoracic  respiration  (THO) ,  electrosplanchrogram  (ESG) , 
facial  photoplethysmograph  (PPG) ,  peripheral  PPG,  and  nystag¬ 
mus  (ENG)  parameters.  He  provides  a  detailed  analysis  proce¬ 
dure  for  eleven  test  subjects  (24:34-39). 
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He  calculated  the  heart  rate  for  each  subject  while  on 
placebo  or  phenytoin  in  each  of  the  Graybiel  sickness  periods 
(20) .  He  then  found  the  arithmetic  mean  for  each  period,  and 
measured  the  percentage  increases  from  frank  sickness  to 
emesis  in  each  trial.  While  on  placebo,  the  average  heart  rate 
increased  10.8%.  While  on  phenytoin,  it  increased  9.7%  (24:39- 
40) .  These  results  agree  in  general  with  those  reported  by 
Gaudreault  in  1987  (11:28).  Scott  concluded  that  average  heart 
rates  increased  more  while  subjects  were  on  placebo  than  while 
on  phenytoin  (24:39-40). 

His  analysis  of  thoracic  respiration,  ESG,  and  ENG  data 
showed  coinciding  results:  these  parameters  increased  commen- 
surately  and  almost  egually  on  a  percentage  basis  with  the 
level  of  motion  sickness.  No  significant  statistical  differ¬ 
ences  appeared  (24:40,41,46).  Drylie  also  noted  similar 
results  in  1987  (7:41-45). 

Using  data  from  subjects  on  phenytoin,  his  model  predic¬ 
ted  symptom  levels  within  one  number  of  reported  levels  76% 
of  the  time.  It  estimated  within  two  levels  95%  of  the  time 
(24:50).  However,  with  data  from  subjects  on  placebo,  it  was 
not  as  accurate.  The  ARM  model  values  were  within  one  level 
only  27%  of  the  time,  and  within  2  reported  levels  59%  of  the 
time  (24:49) . 

Scott's  data  could  be  uncertain  for  two  reasons.  First, 
he  too  endured  an  unreliable  air  conditioning  system.  Again, 
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the  ambient  temperatures  may  have  caused  alteration  of  true 
nystagmus  outputs  by  causing  sweat  artifacts.  Second,  he 
started  with  a  small  data  base.  He  also  extracted  a  larger 
data  set  for  his  placebo  model  than  he  had  for  his  phenytoin 
model  (24:86-87).  He  recognized  that  the  differing  data  sets 
may  partially  account  for  the  differences  in  accuracy  of  the 
two  models  (24:50). 

Morales  also  applied  the  AR14  software  to  create  a  motion 
sickness  model.  He  furnished  an  outline  of  his  analysis 
procedure  (22:41-42).  Additionally,  he  performed  paired-t 
tests  to  analyze  the  means  of  the  collected  data  for  placebo 
and  phenytoin  trials. 

He  calculated  mean  heart  rates  for  each  subject  while  on 
placebo  or  phenytoin  in  each  of  the  Graybiel  sickness  periods 
(20)  .  His  analysis  showed  that,  for  subjects  on  placebo,  heart 
rates  during  frank  sicknesa  were  26%  greater  than  heart  rates 
during  the  pre-experiment  control  period.  Also,  the  mean  heart 
rates  did  not  recover  to  baseline  levels  until  five  minutes 
after  emesis  (22:43). 

For  those  subjects  on  phenytoin  his  analysis  showed  that, 
in  general,  heart  rates  decreased  with  the  evolution  of  motion 
sickness.  An  increase  in  mean  heart  rate  did  occur  during  the 
baseline  period,  but  Morales  attributes  this  to  pre-experiment 
anxiety.  Mean  heart  rates  dropped  to  baseline  levels  within 
one  minute  after  emesis  (22:43). 
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His  paired-t  test  suggested  that  mean  heart  rates  for 
subjects  on  phenytoin  were  lower  than  heart  rates  of  those  on 
placebo.  This  conclusion  agrees  with  Scott  and  Gaudreault. 

Morales'  conclusion  concerning  thoracic  respiration  was 
similar  to  Scott's:  mean  respiration  volumes  increased  about 
equally  during  the  evolution  of  motion  sickness  for  both 
placebo  and  phenytoin  trials.  He  found  no  significant  dif¬ 
ferences  in  respiration  volumes  (22:50).  He  did  find,  though, 
that  recovery  times  to  baseline  levels  were  very  different. 
With  phenytoin,  respiration  volumes  returned  to  normal  three 
minutes  after  emesis.  However,  for  those  on  placebo,  respira¬ 
tion  volumes  were  not  to  baseline  levels  even  five  minutes 
after  emesis  (22:47). 

Morales  found  no  significant  differences  in  ESG  data  for 
those  on  placebo  versus  those  on  phenytoin.  He  did  find  that 
maximum  levels  were  reached  in  different  sickness  periods,  but 
offered  no  conclusions  (22:50). 

Morales  examined  delta-range  EEG  data  by  looking  first 
at  root-mean-square  (rms)  voltages,  then  at  peak  voltage 
levels.  In  the  rms  analysis,  for  the  placebo  trials,  he  found 
that  the  maximum  rms  voltages  were  during  Graybiel  period 
MIIA.  He  also  stated  that  EEG  rms  voltages  never  reached 
baseline  levels  as  long  as  five  minutes  after  emesis  (22:54)  . 

For  the  dilantin  trials,  all  subjects  had  higher  EEG  rms 
voltages  during  control  periods  before  the  experiments  than 
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during  the  same  control  periods  of  the  placebo  trials. 
Subjects  on  p'^enytoin  also  showed  lower  post-emesis  rms 
voltages  than  control  period  rms  voltages.  Morales  states 
"This  [sic]  data  suggest  that  dilantin  [phenytoin]  may  be 
increasing  the  EEG  subdelta-delta  voltages".  He  concludes, 
however,  that  "the  EEG  RMS  voltages  for  sub j ects ...  treated 
with  the  placebo  are  not  significantly  different  from  EEG  RMS 
voltages  for  sub j ects ...  treated  with  dilantin  [phenytoin]" 
(22:54) .  (Author's  note:  Subdelta-delta  refers  to  EEG  frequen¬ 
cies  below  the  nominal  delta  range  frequencies  of  1-3  Hertz.) 

In  his  analysis  of  peak  voltages.  Morales  showed  almost 
identical  results.  He  again  suggests  that  dilantin  [phenytoin] 
may  be  increasing  EEG  subdelta-delta  voltages.  He  also 
c  .iicludes  that  "the  data  suggest  that  the  EEG  peak  voltages 
for  subjects  ...treated  with  the  placebo  are  not  significantly 
different  from  EEG  peak  voltages  for  subj ects ...  treated  with 
dilantin  (22:58)  . 

As  stated  earlier,  Morales  used  his  results  in  the  ARM 
software  to  create  a  model  of  motion  sickness.  He  first  used 
each  individual  parameter  in  both  the  placebo  and  phenytoin 
trial--heart  rate  (from  EKG) ,  thoracic  respiration  volume 
(THO) ,  electrosplanchnogram  (ESG) ,  and  electroencephalogram 
(EEG) — to  build  a  model.  As  could  be  expected,  no  parameter 
by  itself  constructed  a  reliable  model.  Each  had,  in  an  output 
range  of  1  -  i6,  a  standard  deviation  over  4  (22:71-85). 
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He  then  used  all  four  parameters  together  to  construct 
a  model.  For  the  placebo  trials,  the  ARM  softw-.r^^  discarded 
the  eeg  parameter  entirely  in  the  equation  formulation 
(22:90).  This  model  proved  to  be  only  slightly  more  accurate 
than  the  individual  models,  having  a  standard  deviation  from 
the  true  output  of  4.088  (22:90). 

The  model  for  the  phenytoin  trial  parameters  also 
discarded  the  eeg  data.  This  model  proved  to  be  the  most 
accurate  with  a  standard  deviation  of  3.89  (22:92)  .  Morales 
offers  no  discussion  concerning  these  different  results. 
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III.  EXPERIMENTAL  PROCEDURE 


The  research  described  here  used  a  double-blind,  placebo 
controlled  crossover  technique  to  investigate  the  effective¬ 
ness  of  phenytoin  in  the  treatment  of  motion  sickness. 
Specifically,  it  investigated  the  impact  phenytoin  serum 
levels  have  on  frontal-midline  EEC  frequencies.  This  chapter 
includes  information  on  the  equipment  used  in  the  experiment, 
the  screening  of  potential  subjects  for  the  experiment,  and 
the  experimental  procedure. 

Equipment 

A  com.plete  list  of  equipment  use  can  be  found  in  Chapter 
I,  EQUIPMENT  AND  MATERIALS  section. 

Movement  of  the  rotating  chair  coupled  with  directed  head 
movements  produced  suitable  coriolis  stimulation  to  bring  on 
symptoms  of  motion  sickness.  The  Realistic  FM  microphone,  the 
Marshall  sphygmomanometer,  and  the  physiological  amplifiers 

v. ’ere  mounted  to  the  rotating  ‘^hai^  froai  -t-he  amplifiers 
went  through  slip-rings  within  the  chair  to  the  16-channel  low 
pass  filter  bank.  These  data  were  then  routed  to  the  strip 
chart  recorder,  the  Beta  tape  recorder,  and  the  Z-248  miicro- 
computer  (AT  class) .  For  a  detailed  description  of  the 

am, plifiers,  see  Gaudreault  (11:21-24).  Figure  2  shows  the 
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The  numbers  1-19  refer  to  sensor-pair  identifiers.  Senr.crs  o 
and  9  are  electrical  grounds.  Sensor  18  is  the  Marsh.all 
sphygmomanometer  cuff. 

Nystagmus  data  were  collected  using  two  pairs  of  iiuq- 
gables  electrodes.  One  set  placed  above  and  below  a;-)  eye 
measured  vertical  nystagmus.  The  other,  placed  on  each  temple, 
measured  horizontal  movement.  See  Figure  2,  numbers  1-i  . 

Pallor  data  were  collected  with  two  facial  photopleriiyc- 
m.ographs  and  one  finger  photoplethysmograph .  The  finger  sen¬ 
sor  also  measured  blood  pulse  volume.  See  Figure  2,  numbers 
5,6,  and  19.  Pallor  sensors  were  calibrated  on  the  subject’s 
hand.  The  hand  was  exsanguinated  by  wrapping  with  the  t-.-ze 
bandage  and  using  a  sphygmomanometer.  This  blood-free  state 
determined  maximum  pallor.  After  several  minutes,  the  sphyg¬ 
momanometer  was  released,  allowing  calibration  at  maximum 
flush . 

Electrocardiograph  data  were  collected  through  a  leal  i: 
configuration  using  the  ConMed  electrodes  (22:32).  See  Fig¬ 
ure  2,  numbers  7  and  10. 

Gastrointestinal  (GI)  activity  was  measured  using  two 
different  types  of  sensors.  Electrosplanchnographs  measure:; 
GI  electrical  activity.  The  DIF-STET  differential  stethoscope 
measured  bowel  sounds.  See  Figure  2,  numbers  11-14,  and  ]  ~  . 

Respiration  data  were  collected  using  two  strain  gauge 
belts  and  the  Puritan-Bennet  Carbon  Dioxide  Monitor.  One  belt 
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was 


attached  around 


the 

chest  and  detected  thorac¬ 
ic  respiration,  v.’hile  the 
other  v.’as  attached  arour.d 
the  Ti  id-section  and  de¬ 
tected  diaphrayiTiatic 
respiration.  See  Figure  2, 
numbers  15  and  16.  Each 
subject  inserted  the  car¬ 
bon  dioxide  detector  into 
his  right  nostril  and  se¬ 
cured  it  v.'ith  medical  ad¬ 
hesive  tape.  The  detector  is  a  small,  plastic  cone  open  at 
both  ends,  and  cc.nnected  to  the  Monitor  with  a  thin,  flexioie 
hose , 

Figure  3  shov.-s  the  placement  of  platinum,  subderma  1 
electrodes  on  the  scalp  (22:34-35).  E) ectroencephalographic 
data  were  collected  using  ten  subdermal  electrodes.  They  were 
configured  using  a  bipolar  channel  arra.ngem.e.nt  consisting  of 
the  Fz-Cz  chan.nel,  the  ?z-Cz  c'na.n.nel,  t.ne  C4-T4  c.nannel  ,  che 
T3-C3  channel,  and  the  F3-F4  channel  (22:33). 

Screening 

The  screeninc  phase  was  intended  to  elim.inate  any 
potential  subject  with  abncrir.al  vestibular  functions,  cr  whose 
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health  could  have  been  at  risk  as  a  result  of  this  experiment. 
It  consisted  of  a  medical  history  and  motion  sickness  history 
interview,  balance  tests,  a  motion  susceptibility  trial,  a 
physical  examination,  blood  tests,  and  performance-cognition 
tests . 

Each  potential  subject  completed  a  questionnaire  about 
their  medical  and  motion  sickness  history.  Individuals  with 
familial  or  genetic  disorders,  or  chronic  or  systemic  diseases 
were  excluded.  Subjects  rated  themselves  on  how  susceptible 
they  were  to  motion  sickness,  and  which  types  of  motion  were 
most  provocative  to  them. 

Subjects  performed  tandem  Romberg  and  one-legged  balance 
tests  to  determine  if  they  had  a  normal  vestibular  system. 
This  procedure  eliminated  visual  inputs  and  forced  the 
subjects  to  rely  on  the  proprioceptive  and  vestibular  systems 
to  maintain  balance.  Those  who  consistently  lost  their  balance 
were  eliminated  from  the  research  because  it  was  felt  they 
v.’ould  not  be  susceptible  to  coriolis  induced  stimulation. 

The  susceptibility  trial  helped  determine  the  subject's 
sensitivity  to  motion  stimuli.  Each  subject  rode  in  the 
rotating  chair  at  speeds  from  12  to  22  rpm  (determined  from 
susceptibility  inquiries  on  the  medical  questionnaires)  for 
several  minutes.  Noninstrumented ,  blindfolded  subjects  rode 
in  the  chair  and  performed  directed  head  motions.  They  'xere 
closely  monitored  and  frequently  asked  to  report  their 
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symptoms.  The  subjects  themselves  controlled  the  duration  of 
this  phase.  They  were  instructed  to  continue  only  until  they 
felt  moderate  nausea.  When  they  began  to  feel  sick,  they  were 
to  signal  and  the  run  would  then  end. 

A  complete  physical  examination  was  performed  on  each 
subject.  Only  those  individuals  in  good  health  continued  in 
the  experiment. 

Each  subject  then  went  to  the  base  hospital  for  more 
testing.  They  underwent  a  complete  blood  count,  lipid  and 
cholesterol  counts,  urinalysis  tests,  liver  function  tests, 
and  a  general  battery  of  blood  biochemistry  tests  (Chem  18). 

After  the  physical  examinations,  the  subjects  then  had 
their  cognitive  and  physical  performance  abilities  tested. 
Personal-computer  based  tests  developed  by  the  Air  Force 
Aerospace  Medical  Research  Laboratory  provided  baseline  data 
on  reasoning  ability,  visual  acuity,  and  manual  response  speed 
and  accuracy.  These  data  were  compared  with  pre-trial  tests 
to  determine  if  any  performance  effects  resulted  from  the 
phenytoin . 

Procedure 

After  successful  screening,  Dr.  Chelen  administered  a 
test  dose  of  phenytoin  to  each  subject.  Ke  then  carefully 
monitored  the  individual  for  their  reaction  to  the  drug.  If 
no  adverse  result  ensued,  the  subject  'was  allow'ed  to  leave. 
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Dr.  Chelen  would  check  again  that  evening.  He  would  make  a 
final  check  the  next  day.  If  at  any  point  unfavorable  symptoms 
appeared,  the  subject  would  not  be  allowed  to  continue  in  the 
experiment . 

Each  subject's  trial  began  the  day  before  their  rotating 
chair  ride.  They  were  given  two  envelopes,  A  and  B,  containing 
five  capsules  of  a  dextrose  placebo  or  phenytoin.  Only  the 
principal  investigator.  Dr.  Chelen,  knew  which  envelope 
contained  which  substance.  The  subject  would  choose  an 
envelope  from  which  to  take  capsule  for  the  first  trial.  The 
remaining  envelope  would  be  used  for  the  second  trial  fat 
least  one  week  later) .  Only  after  the  second  trial  would  the 
subject  reveal  the  order  of  the  capsules  he  took.  The  subject 
would  take  the  first  capsule  in  the  late  afternoon.  The 
remaining  four  were  scheduled  as  follows:  one  with  that  even¬ 
ing's  dinner,  one  with  food  before  bed,  one  with  breakfast  the 
next  morning,  and  one  with  lunch.  The  trial  would  then  start 
in  the  early  afternoon. 

About  one  hour  before  the  experiment,  each  subject 
executed  the  performance-cognition  test  battery.  Dr.  Chelen 
would  then  interview  the  subject  about  their  reactions,  if 
any,  to  the  capsule  they  took.  Dr.  Chelen  would  conduct  a 
brief  physical  examination  which  included  an  eye  test  for 
acuity,  range-of-motion ,  and  nystagmus. 
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Once  these  preliminaries  were  complete,  the  research  team 
began  to  outfit  the  subject  with  the  physiological  monitoring 
devices  and  sensors.  Pallor  sensors  were  calibrated.  Blond 
would  be  drawn  to  measure  phenytoin  serum  levels.  After  all 
electrodes  and  belts  had  been  attached,  the  subject  was  helped 
into  the  motion  chair.  Respiration  calibration  was  done.  The 
subject  would  be  blindfolded  and  nystagmus  calibration 
finished. 

At  this  point,  chair  velocity  needed  to  be  calculated. 
The  desired  length  of  the  experiment  was  approximately  15 
minutes.  This  would  enable  the  team  to  gather  sufficient  data 
and  minimize  subject  discomfort.  The  AFIT  protocol  prescribed 
head  motions  every  ten  seconds,  so  15  minutes  allowed  for  90. 
According  to  Miller  and  Graybiel,  chair  speed  is  related  to 
an  individual's  Coriolis  Sickness  Susceptibility  Index,  or 
CSSI.  The  CSSI  is  the  product  of  the  Graybiel  "E-factor"  and 
N,  the  number  of  head  motions  needed  to  elicit  Mill: 

CSSI  -  E  X  N  (20:10)  (1) 

Miller  and  Graybiel  also  determined  that  for  their  subjects, 
the  CSSI,  while  ranging  from  0.4  to  100,  had  a  mean  of  15.3 
(20:11)  .  Using  this  mean  value,  and  fixing  N  to  be  90,  a  value 
for  E  can  be  easily  determined.  Once  E  is  found,  an  appropri¬ 
ate  chair  velocity  can  be  found  from  Figure  4.  In  this  case, 
E  equals  .167,  and  the  chair  speed  is  approximately  15  rpm . 
Each  subject's  chair  velocity  was  adjusted  according  to 
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personal  motion  sickness  history  and  results  from  the  suscep¬ 
tibility  run. 


Figure  4:  E-factor  vs.  Chair  Speed  (20:10) 


The  subject  rested  for  about  five  minutes  to  gather 
baseline  data.  The  chair  would  then  be  slowly  accelerated  to 
the  predetermined  rotation  speed.  An  audio  tape  directed  head 
movements.  The  team  constantly  monitored  the  individual.  He 
v.-as  regularly  asked  about  his  symptoms  and  to  rate  them  on  a 
scale  of  1  (normal)  to  10  (imminent  emesis).  The  experiment 
continued  until  emesis  or  until  the  subject  elected  to 
terminate  the  experiment. 

At  the  end  of  the  experiment,  the  chair  was  slowly 
decelerated  and  stopped.  The  subject  remained  seated  to  allow 
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recovery  and  to  collect  ten  minutes  of  post-emesis  data.  The 
subject  was  then  helped  out  of  the  chair,  cleaned  up,  and 
released . 
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IV.  RESULTS  FROM  THE  1989  DATA 


Data  Collection  Method 

n-i-i-a  were  collected  on  subjects  cornel 0+" i  >^0  the  nrocedvire 
detailed  in  Chapter  3.  The  phvsiological  signals  from  the  EEC 
sensors  were  routed  through  80  dB  amplifiers  to  slip-rings  in 
the  rotating  chair,  and  then  into  a  sixteen  channel  low-pass 
filter.  This  filter  provided  a  12  dB  per  octave  rolloff  above 
30  hertz  (2).  A  Kyowa-Dengo  RTP-610A  data  recorder  captured 
the  data  on  14-channel  beta  tape.  Data  were  simultaneously 
recorded  on  a  SOLTEC  model  8K26  strip  chart. 

Data  Analysis  Method 

Electroencephalogram  (EEC)  data  from  the  frontal  midline 
region  of  18  male  subjects  were  analyzed.  Additionally,  the 
Miller  and  Graybiel  diagnostic  scale  was  employed  to  quantify 
subjects'  malaise  periods  during  motion  sickness  (20).  Data 
were  collected  for  both  placebo  and  phenytoin  trials.  The  data 
analysis  procedure  is  outlined  below: 

I.  Review  and  analyze  strip  charts. 

A.  Determine  beginning  and  end  points  of  the 
baseline  period  (BL)--  fully  instrumented  subject 
in  chair,  before  rotation. 
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B.  Determine  beginning  and  nd  points  of  the 
symptomatic  periods  as  defined  by  Graybiel.  These 
are  MI,  MIIB,  MIIA,  Mill,  and  Frank  Sickness  (TS'. 
In  this  study,  Frank  Sickness  is  the  period  during, 
and  imTTipd  iateTy  after,  emesis. 

II.  Associate  the  corresponding  beta-tape  counter 
numbers  with  the  periods  found  in  step  I. 

III.  Analyze  beta  tapes.  EEG  data  were  digitized  at 
100  samples  per  second  using  CODAS  software  into 
files  at  least  22  seconds  long.  Motion  artifacts 
were  manually  edited  out  during  this  step. 

IV.  Perform  cepstral  transformations.  Sample  files 
of  2048  data  points  were  processed  into  cepstral 
form  and  analyzed  using  ASYSTANT  software.  See 
Appendix  C  for  discussion  of  cepstral  analysis.  The 
peak-amplitude  quefrency  per  file  and  its  corre¬ 
sponding  frequency  were  also  determined  using  ASYS¬ 
TANT.  Appendix  A  shows  these  amplitudes  and  fre¬ 
quencies  . 

V.  Perform  statistical  analysis.  Regression  analy¬ 
sis  and  hypothesis  tests  were  accomplished  to 
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discover  if  the  effect  of  phenytoin  was  statisti¬ 
cally  discernible  on  frontal-midline  EEG  frequen¬ 
cies.  Appendix  B  tabulates  the  means  and  standard 
deviations  for  each  subjects'  EEG  frequencies  for 
syrnDtoraatic  oeriods. 

Results 

The  following  data  sets  were  analyzed:  1)  Phenytoin  serum 
level  (LEV)  versus  Mean  symptomatic  EEG  frequency  for  pheny¬ 
toin  trials  (FREQP) ,  2)  Phenytoin  serum  level  versus  Baseline 
EEG  frequency  for  phenytoin  trials  (BLP) ,  3)  Phenytoin  serum 
level  versus  the  Number  of  symptomatic  periods  per  phenytoin 
trial  with  subdelta  EEG  frequencies  (NUMP)  (Subdelta  EEG 
frequencies  are  those  frequencies  below  the  nominal  range  of 
1-3  Hz)  ,  4)  Mean  symptomatic  EEG  frequency  for  phenytoin 

trials  versus  Mean  symptomatic  EEG  frequency  for  placebo 
trials  (FREQPL) ,  5)  Baseline  EEG  frequency  for  phenytoin 

trials  versus  Baseline  EEG  frequency  for  placebo  trials 
(BLPL),  and  6)  Number  of  symptomatic  periods  per  phenytoin 
trial  with  subdelta  EEG  frequencies  versus  the  Number  of 
symptomatic  periods  per  placebo  trial  with  subdelta  EEG 
frequencies  (NUMPL) . 

Hypothesis  testing  techniques  and  regression  analysis  were 
used  to  compare  the  phenytoin  trial  data  against  the  phenytoin 
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serum  level  per  subject  and  the  placebo  trial  data.  The  Wilk- 
Shapiro  test  for  normality  was  accomplished  (Table  I). 


Table  I.  Results  of  Normality 
test 


Normality  Coefficients 


Variable 

Wilk- 

Shapiro 

Number 

REV 

.  8710 

FREQP 

.  9815 

FREQPL 

.9629 

BLP 

.7208 

BLPL 

.8947 

NUMP 

.8569 

NUMPL 

.9306 

The  range  of  value i  for  the  Wilk-Shapiro  number  is  0  -  1.  A 
value  of  1  indicates  perfectly  normal  data.  If  condir.ior)s  for 
normality  were  sufficient,  two-tailed  paired-t  tests^^ere 
used.  If  the  data  was  not  shown  to  be  normal,  the  Wilcoxon 
Signed  Rank  Test  was  used.  The  null  hypothesis  assumed  that 
phenytoin  serum  levels  produced  no  significant  impact  on 
frontal-midline  EEC  frequencies.  The  alternate  hypothesis  as¬ 
sumed  that  it  did  have  a  discernible  impact.  Significance 
levels  are  indicated.  All  p-values  listed  are  one-tail  values. 
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1.  Phenytoin  serum  level  versus  Mean  symptomatic  EEG  fre¬ 
quency  for  phenytoin  trials: 

The  phenytoin  serum  level  per  subject  compared  with  that 

subject's  mean  EEG  frequency  (Table  II)  is  depicted  in  Figure 

5.  Ec  trend  is  readily  observable.  Regression  analysis 

suggests  no  relationship  between  phenytoin  levels  and  mean  EEG 

frequency  (significance  level  =  .05,  t-statistic  =  1.45,  p- 

value  =  .0836,  r-squared  =  .1158). 

Table  II.  Phenytoin  serum  level 
and  Mean  symptomatic  period  EEG 
frequencies 


Phenytoin  level  vs. 
mean  frequency  per 
sub j  ect 


blood 

level 

sub 

no . 

mean 
f  req 

10.1 

7 

2 .91 

10.4 

4 

4.74 

11.4 

16 

2.81 

11.7 

3 

2 .49 

12 . 0 

9 

0.75 

12 . 0 

12 

0. 26 

12 . 3 

2 

0.29 

12 . 3 

8 

2 . 13 

12.4 

1 

4 . 88 

13.0 

10 

2 . 64 

14 . 0 

14 

3 . 57 

14 . 7 

13 

1.19 

15. 1 

15 

3 . 98 

16.2 

18 

2 . 05 

17 . 3 

11 

1.40 

18 . 2 

5 

6.30 

18 . 5 

6 

5.35 

23 . 9 

17 

3 . 94 
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Figure  5.  Phenytoin  serum  level  versus  Mean  symptomatic 
period  EEG  frequency 

Figure  5  graphically  represents  Table  II.  Mean  symptomatic 
period  EEG  frequency  is  the  mean  EEG  frequency  of  malaise 
periods  MI  through  FS  during  each  subject's  phenytoin  trial. 
Abscissa  is  indexed  by  increasing  phenytoin  level  per  subject. 
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2.  Phenytoin  serum  level  versus  Baseline  EEG  frequency  lor 
phenytoin  trials: 

The  phenytoin  serum  level  per  subject  compared  v.-ith  tiiat 

subject's  Baseline  EEG  frequency  fT-^b''e  III)  is  depicted  in 

Figure  6.  No  trend  is  readily  observable.  Regression  analysis 

suggests  no  relationship  between  phenytoin  levels  and  baseline 

EEG  frequency  (significance  level  =  .05,  t-statistic  =  53, 

p-value  =  .2843,  r-squared  =  .0207). 

Table  III.  Phenytoin  serum  lev¬ 
el  and  Baseline  frequency  while 
on  phenytoin 


Phenytoin  level  vs.  Phenytoin 
Baseline  frequency  (Hz) 


phenytoin 

level 

subject 

number 

BL  freq 
phenytoin 

10.1 

7 

0 . 10 

10.4 

4 

0  .  138 

11.4 

16 

0 .90 

11.7 

3 

3 . 94 

12 . 0 

9 

0. 105 

12 . 0 

12 

5 . 39 

12 . 3 

2 

0.276 

12 . 3 

8 

0.  115 

12 . 4 

1 

0.276 

13 . 0 

10 

1 . 83 

14 . 0 

14 

0 . 127 

14 . 7 

13 

6 . 024 

15 . 1 

15 

0 . 12 

16 . 2 

18 

0.224 

17 . 3 

11 

6 . 4 

18 . 2 

5 

0 . 488 

18 . 5 

6 

4 .88 

23.9 

17 

0.276 
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Figure  6.  Phenytoin  level  versus  the  Baseline  malaise  pe¬ 
riod  EEG  frequency 

Figure  6  graphically  represents  Table  III.  Baseline 
frequency  is  the  frequency  during  the  Baseline  period  (subject 
in  chair,  before  rotation)  EEG  frequency  during  each  sub¬ 
ject's  phenytoin  trial.  Abscissa  is  indexed  by  increasing 
phenytoin  level  per  subject. 
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3.  Phenytoin  serum  level  versus  the  Number  of  symptomatic 
periods  per  phenytoin  trial  with  subdelta  EEG  frequencies: 

The  phenytoin  serum  level  per  subject  compared  with  the 
number  of  malaise  periods  with  subdelta  frequencies  as  the 
peak-am,plitude  frequency  for  each  subject's  phenytoin  trial 
(Table  IV)  is  depicted  in  Figure  7.  A  trend  is  not  readily 
observable.  Regression  analysis  suggests  no  relationship 
between  phenytoin  levels  and  the  number  of  periods  with 
subdelta  frequencies  (significance  level  -  .05,  t-statistic 
=  1.22,  p-value  =  .1197,  r-squared  =  .0854). 
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Table  IV.  Phenytoin  serun  level  and  the 
Number  of  periods  with  subdelta  frequen¬ 
cies  while  on  phenytoin 

Phenytoin  serum  level  vs. 

Number  of  periods  with 
subdelta  frequencies  while 
on  phenytoin 


phenytoin 

level 

subject 

number 

number  of 
periods 

10 . 1 

7 

2 

10 . 4 

4 

1 

11 . 4 

16 

1 

11.7 

3 

2 

12 . 0 

9 

4 

12 . 0 

12 

3 

12 . 3 

2 

1 

12 . 3 

8 

0 

12 . 4 

1 

0 

13 . 0 

10 

1 

14 . 0 

14 

0 

14.7 

13 

4 

15.1 

15 

1 

16.2 

18 

1 

17 . 3 

11 

3 

18.2 

5 

0 

18 . 5 

6 

0 

23.9 

17 

0 
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laise  periods  with  subdelta  frequencies  while  on  phenyt- 
oin 

Figure  7  graphically  represents  Table  IV.  Abscissa  is 
indexed  by  increasing  phenytoin  level  per  subject.  Number  of 
periods  is  the  number  of  periods  during  the  phenytoin  trial 
that  each  subject  had  a  subdelta  {  <  1  Hz)  EEG  frequency  as 
the  peak-amplitude  EEG  frequency.  For  instance,  subject  13 
reported  symptoms  in  all  malaise  periods  MI  through  FS .  Of 
those  five  periods,  4  contained  a  subdelta  frequency  as  the 
peak-amplitude  frequency. 
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4.  Mean  symptomatic  EEG  frequency  for  phenytoin  trials 
versus  Mean  symptomatic  EEG  frequency  for  placebo  trials: 

The  mean  EEG  frequency  for  subjects  during  symptomatic 
malaise  periods  while  on  phenytoin  compared  with  the  mean  EEG 
frequency  during  symptomatic  malaise  periods  while  those  sub¬ 
jects  were  on  placebo  (Table  V)  is  depicted  in  Figure  8.  No 
trend  seems  to  be  readily  observable,  but  the  Wilcoxon  test 
calculated  a  p-value  of  .0886.  At  a  .05  significance  level, 
this  suggests  that  phenytoin  levels  have  no  impact  on  mean 
symptomatic  period  EEG  frequencies. 
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Table  V.  Mean  symptomatic  EEG  frequency, 
phenytoin  and  Mean  symptomatic  EEG  fre¬ 
quency,  placebo 


Phenytoin  Mean  EEG  frequency  vs. 
Placebo  Mean  EEG  frequency  (Hz) 

mean 

mean 

frequency 

phenytoin 

subject 

number 

frequency 

placebo 

2.91 

7 

0.54 

4 .74 

4 

3 . 27 

2.81 

16 

2.77 

2.49 

3 

2 . 00 

0.75 

9 

1.07 

0.26 

12 

3 . 10 

0.29 

2 

3.23 

2.13 

8 

0.57 

4 . 88 

1 

2.36 

2 . 64 

10 

2 . 68 

3 . 57 

14 

1.62 

1 . 19 

13 

2 .84 

3.98 

15 

1.19 

2 . 05 

18 

0.16 

1.40 

11 

1.45 

6.30 

5 

1.40 

5.35 

6 

3.79 

3.94 

17 

2 . 83 
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Figure  8.  Mean  EEG  frequency  of  symptomatic  periods  while 
on  phenytoin  versus  Mean  EEG  frequency  of  symptomatic  p- 
eriods  while  on  placebo 


Figure  8  graphically  represents  Table  V.  Mean  EEG  frequency 
is  the  mean  EEG  frequency  of  malaise  periods  MI  through  FS 
during  each  subject's  phenytoin  or  placebo  trial.  Abscissa  is 
indexed  by  mean  EEG  frequency  per  subject,  and  ordered  by  in¬ 
creasing  phenytoin  level  per  subject. 
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5.  Baseline  EEG  frequency  for  phenytoin  trials  versus  Base¬ 
line  EEG  frequency  for  placebo  trials: 

The  Baseline  period  EEG  frequency  for  subjects  while  on 
phenytoin  compared  with  the  Baseline  period  EEG  frequency  for 
those  subjects  while  on  placebo  (Table  VI)  is  depicted  in 
Figure  9.  It  appears  graphically  that  some  similarity  exists 
between  these  two  data  sets,  but  the  Wilcoxon  test  calculated 
a  p-value  of  .0231.  At  a  significance  level  of  .05,  this 
implies  that  phenytoin  may  have  an  impact  on  baseline  EEG 
frequencies . 
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Table  VI.  Baseline  EEG  frequencies  while 
on  phenytoin  and  Baseline  EEG  frequencies 
while  on  placebo 


Phenytoin  Baseline  frequencies  vs. 
Placebo  Baseline  frequencies  (Hz) 

subject  BL  freq  BL  freq 
number  phenytoin  placebo 


7 

0.100 

0.276 

4 

0.138 

6.830 

16 

0.900 

0.794 

3 

3.940 

11 .380 

9 

0.105 

5.120 

12 

5.390 

5.680 

2 

0.276 

* 

8 

0.115 

1.310 

1 

0.276 

4 . 880 

10 

1.830 

0.742 

14 

0.127 

0.416 

13 

6.024 

5 . 390 

15 

0.120 

0.179 

18 

0.224 

0.205 

11 

6.400 

6.400 

5 

0.488 

3 . 530 

6 

4.880 

3 . 200 

17 

0.276 

6.400 

(*)  Due  to  an  equipment  malfunction,  no  data  were  recorded  for 
Subject  2  during  his  baseline  period. 
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Figure  9.  Baseline  EEG  frequency  while  on  phenytoin  vers¬ 
us  Baseline  EEG  frequency  while  on  placebo 

Figure  9  graphically  represents  Table  VI.  Baseline  EEG 
frequency  the  baseline-period  EEG  frequency  during  each  sub¬ 
ject's  phenytoin  or  placebo  trial.  Abscissa  is  indexed  by 
subject  number,  according  to  increasing  phenytoin  serum 
levels.  Subject  2  had  no  placebo  data  recorded. 
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6.  Number  of  symptomatic  periods  per  phenytoin  trial  with 
subdelta  EEG  frequencies  (NUMP)  versus  the  Number  of  sympto¬ 
matic  periods  per  placebo  trial  with  subdelta  EEG  frequencies 
(NUMPL) : 

The  NUMP  compared  with  the  NUMPL  (Table  VII)  is  depicted  in 
Figure  10.  A  general  trend  seems  to  be  that  more  subjects  have 
more  periods  with  subdelta  frequencies  while  on  placebo  th^n 
while  on  phenytoin.  Comparing  the  numbers  in  Table  VII  con¬ 
firms  this.  Seventy-two  percent  of  the  subjects  (13  of  18) 
have  more  malaise  periods  with  subdelta  frequencies  while  on 
placebo  than  while  on  phenytoin.  Only  22%  (4  of  18)  showed 
more  periods  while  on  phenytoin.  Subject  9  recorded  the  same 
number  of  periods  for  both  trials.  The  paired-t  test  calcu¬ 
lated  a  p-value  of  .0019.  At  a  significance  level  of  .05,  this 
suggests  that  phenytoin  may  have  an  impact  on  the  number  of 
malaise  periods  where  peak-amplitude  EEG  frequencies  are  in 
the  subdelta  range. 


Table  VII.  Number  of  periods  with  subdel¬ 
ta  frequencies,  phenytoin  and  Number  of 
periods  with  subdelta  frequencies,  place¬ 
bo 


Number  of 

periods  with  sub- 

delta  frequencies 

while  on 

phenytoin  vs.  Number  of 
periods  with  subdelta  fre- 

quencies 

while  on 

placebo 

number 

number 

sub j  ect 

periods 

periods 

number 

phenytoin 

placebo 

1 

0 

4 

2 

1 

3 

3 

2 

3 

4 

1 

0 

5 

0 

3 

6 

0 

1 

7 

2 

5 

8 

0 

3 

9 

4 

4 

10 

1 

3 

11 

3 

2 

12 

3 

2 

13 

4 

2 

14 

0 

4 

15 

1 

3 

16 

1 

2 

17 

0 

2 

18 

1 

4 

mean  number:  1.3 

2 .78 
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while  on  phenytoin  versus  Number  of  periods  with  subdelta 
frequencies  while  on  placebo 

Figure  10  graphically  represents  Table  VII.  Number  of 
subdelta  frequencies  is  the  number  of  periods  during  each 
subject's  phenytoin  or  placebo  trial  that  they  had  a  subdelta 
EEG  frequency  as  the  peak-amplitude  frequency.  Abscissa  is 
indexed  by  subject  number,  according  to  increasing  phenytoin 
serum  level. 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


Table  VIII  summarizes  the  regression  analysis  results. 
Table  IX  summarizes  the  hypothesis  testing  results.  The 
significance  level  for  all  tests  was  .05.  The  following 
reiterates  the  data  set  variable  names  and  their  symbols: 
LEV--Phenytoin  serum  level 

FREQP--Mean  symptomatic  EEC  freguency,  phenytoin  trial 
BLP--B?.sel  ine  EEC  frequency,  phenytoin  trial 
NUMP--Number  of  malaise  periods  per  trial  v.'ith  peak- 
amplitude  frequency  in  subdelta  range,  phenytoin 
FREQPL--Mean  symptomatic  EEC  frequency,  placebo  trial 
BLPL--Basel ine  EEC  frequency,  placebo  trial 
NUMPL--Number  of  malaise  periods  per  trial  with  peak- 
amplitude  frequency  in  subdelta  range,  placebo 


Table  VIII.  Summary  of  Regression  Analysis  results 


SUMMARY  OF  REGRESSION  ANALYSIS  RESULTS 


VARIABLES 

ONE-TAILED 

P-VALUE 

R-SQUARED 

VALUE 

RESULT 

LEV  / 

FREQP 

.  0836 

.  1158 

ACCEPT 

HO 

LEV  / 

BLP 

.  2843 

.  0207 

ACCEPT 

HO 

LEV  / 

NUMP 

.  1197 

.  0854 

ACCEPT 

HO 

The  null  hypothesis  (HO)  stated  that  there  is  no  relationship 
between  phenytoin  serum  levels  and  frontal-midline  EEG 
frequencies;  the  alternate  (HI)  stated  that  a  relationship 
does  exist. 
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Table  IX.  Summary  of  Hypothesis  Test  results 


SUMMARY  OF  HYPOTHESIS  TEST  RESULTS 


Variables 
FREQP  /  FREQFL 
BLP  /  BLPL 
NUMP  /  NUMPL 


One-Tailed 

P-value 

.  0886 

.0231 

. 0019* 

All 


Result 
ACCEPT  HO 
REJECT  HO 
REJECT  HO 
others  Wilcoxon 


(*  indicates  paired-t  test, 
signed  rank  test.) 


These  results  strongly  suggest  that  phenytoin  serum  levels 
do  not  significantly  influence  EEC  frequencies. 

Furthermore,  from  Table  IX,  the  comparison  of  NUMP  vs. 
NUMPL  elicited  a  rejection  outcome.  This,  combined  with  the 
results  from  the  regression  analysis,  suggests  that  phenytoin 
suppresses  the  generation  of  subdelta  EEG  frequencies,  but  no 
relationship  exists  between  phenytoin  serur  levels  and  those 
f  reauencies . 

A  recent  supposition  (22)  suggested  that  subdelta  EEG 
activity  is  a  defense  m.echanism  and  that  phenytoin  may  enhance 
that  activity.  This  research  does  not  support  that  assertion. 
Table  VII  shows  the  mean  number  of  periods  with  a  peak- 
amplitude  frequency  in  the  subdelta  range  for  phenytoin  trials 
and  placebo  trials.  The  mean  for  the  placebo  trials  is  more 
than  twice  the  mean  for  phenytoin  trials  (2.78  vs.  1.33).  If 
a  relationship  does  exist  between  phenytoin  serum  levels  and 
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subdelta  activity,  it  appears  that  phenytoin  suppresses 
subdelta  activity. 

Recommendat j  ons 

1.  Continue  this  technique  in  EEC  analysis,  but  increase 
sample  sizes.  The  sample  size  used  in  this  research  limited 
lower-frequency  resolution  to  .1  Hz.  Larqer  sample  sizes  will 
facilitate  investigation  into  lower  frequency  ranges. 

2.  Extend  cepstral  analysis  to  encompass  all  EEC  channels. 
Correlating  the  separate  ciannels  could  ascertain  the  coin¬ 
cidence  of  subdelta  EEC  frequencies  throughout  the  brain. 

3.  Some  subjects  reported  hearing  changes/impairments  under 
the  drug.  Do  audiometer  testing  to  confirm  if  this  is  real  or 
subjective.  This  data  would  be  useful  for  detailing  the 
existence  of  side-effects  that  impair  performance. 

4.  Incorporate  the  BIO-LOGIC  Brain  Atlas  System  into  motion 
sickness  analysis.  If  motion  sickness  is  truly  an  analog  to 
a  partial  seizure,  the  System  can  be  used  to  localize  the 
origin  of  the  seizure  and  map  its  propagation. 
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APPENDIX  A:  PEAK  AMPLITUDE  AND  CORRESPONDING  FREQUENCY  PER 
PERIOD  PER  SUBJECT,  PHENYTOIN 


SUB. 

BL 

MI 

MIIB 

MIIA 

Mill 

FS 

(FREQUENCY,  Hz) 

1 

15851 

11543 

(  .  276) 

(4.88) 

2 

13735 

7674 

(  .  276) 

( . 293 ) 

3 

11281 

25882 

9956 

297732 

10592 

(3.94) 

( . 130) 

(5.689) 

(.183) 

(3.94) 

4 

18250 

12618 

9987 

8025 

9673 

9023 

(.138) 

(4.88) 

(5.39) 

(  .  100) 

(3.10) 

(10.24) 

5 

8662 

8960 

9227 

8918 

14974 

10305 

(  . 488) 

(10.24) 

(7.877) 

(3.53) 

(4.88) 

(4.88) 

6 

7725 

11381 

13883 

11664 

10458 

8010 

(4.88) 

(2.133) 

(6.4) 

(5.390) 

(6.4) 

(6.4) 

7 

6606 

11001 

7492 

11013 

10003 

( . 100) 

(.192) 

(5.390) 

(5.390) 

(.656) 

8 

9397 

8686 

(.115) 

(2 . 133) 

9 

9247 

27643 

8443 

21313 

7714 

8725 

(.105) 

(  .  258) 

(1.862) 

f  n  r\  \ 

V  .  j 

(  .  208) 

(1.30) 

10 

6789 

11774 

7912 

(1.830) 

(4.88) 

(.4) 

11 

15246 

26615 

10879 

11800 

46540 

7580 

(6.4) 

{ .158) 

(.164) 

(3.30) 

(.179) 

(3.2) 

12 

14097 

11650 

74587 

28364 

(5.390) 

( . 192) 

( . 100) 

(.497) 

13 

7798 

71264 

26751 

70167 

19830 

4021 

(6.024) 

(.136) 

(  .212) 

( . 108) 

(  .  121) 

(5.390) 

14 

10451 

8947 

7154 

10907 

17603 

(.127) 

(1.078) 

(2.93) 

(4.88) 

(5.390) 

15 

8162 

30175 

11992 

7703 

(.120) 

(.145) 

(5.390) 

(6.4) 

16 

8949 

9562 

13202 

9299 

14111 

10127 

(  •  90) 

(.103) 

(4.88) 

(3.94) 

(1.83) 

(3.30) 

17 

16667 

7286 

(.276) 

(3.94) 

18 

8431 

6675 

7692 

8538 

9538 

(  .224) 

(  .  378) 

(2.84) 

(4.88) 

(.102) 

Blanks  indicate  no  symptoms  reported  for  that  malaise  period. 
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PEAK  AMPLITUDE  AND  CORRESPONDING  FREQUENCY  PER  PERIOD  PER 

SUBJECT,  PLACEBO 


SUB. 

BL 

MI 

MIIB 

MIIA 

Mill 

FS 

(FREQUENCY,  Hz) 

1 

11543 

12522 

7334 

9750 

11996 

9739 

(4.88) 

(.195) 

(  .  226) 

(10.24) 

( . 180) 

(.957) 

2 

12660 

8586 

9564 

9500 

(.957) 

(11.38) 

(  .  276) 

(.548) 

3 

8046 

9766 

9967 

35011 

9069 

]  0108 

(11.38) 

( . 120) 

(.115) 

(  .227) 

(3.10) 

(6.4) 

4 

9708 

10137 

14892 

9202 

13830 

7571 

(6.83) 

(2.84) 

(2.84) 

(3.94) 

(1.83) 

(4.88) 

5 

13693 

9396 

38912 

17551 

9332 

17227 

(3.53) 

(.241) 

(.139) 

(.130) 

(1.07) 

(5.39) 

6 

8413 

13294 

8745 

14981 

9035 

7824 

(3.2) 

( . 366) 

(3.94) 

(6.4) 

(6.4) 

(1.83) 

7 

14182 

10083 

7122 

10579 

6011 

9900 

(  .  276) 

( .447) 

( .200) 

(.143) 

(  .957) 

(.957) 

8 

10686 

10957 

180979 

147050 

13128 

(1.31) 

(1.74) 

(.147) 

(.183) 

(.211) 

9 

12427 

38916 

23331 

65481 

188937 

14835 

(5.12) 

(.119) 

(.117) 

(.123) 

(.135) 

(4.88) 

10 

9096 

15768 

12436 

12033 

47329 

8173 

(.742) 

(6.4) 

(6.4) 

( . 135) 

(.119) 

(.323) 

11 

10063 

12585 

10234 

11800 

25120 

8428 

(6.4) 

(.214) 

(3.30) 

(3.3) 

(.139) 

(5.38) 

12 

12419 

11964 

24291 

41114 

10325 

(5.68) 

(6.4) 

(.137) 

(.195) 

(5.68) 

13 

11440 

19261 

7588 

8507 

11507 

10225 

(5.39) 

(5.39) 

( . 632) 

(.957) 

(1.83) 

(5.39) 

14 

11622 

11474 

7723 

9151 

8503 

7394 

(.416) 

(.276) 

(.875) 

(.416) 

(6.4) 

(.147) 

15 

7364 

9876 

7469 

8722 

6656 

7340 

( . 179) 

(.263) 

(3.94) 

(1.55) 

(.120) 

(.100) 

16 

8226 

9785 

8845 

9635 

6570 

(  .794) 

(5.69) 

(.154) 

(5.12) 

(.113) 

17 

12954 

8428 

13980 

45932 

22001 

11368 

(6.4) 

(4.27) 

(5.39) 

(.374) 

(.138) 

(3.94) 

18 

8409 

119654 

44681 

47607 

156857 

(  .205) 

(.141) 

(.170) 

(.155) 

( ■ 155) 

Blanks  indicate  no  symptoms  reported  for  that  malaise  period 
except  for  Subject  2,  periods  BL  and  MI.  An  equipment  malfunc¬ 
tion  prevented  recording  of  that  part  of  the  experiment. 
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APPENDIX  B:  EEG  FREQUENCY  STATISTICS  FOR  SUBJECTS  ON  PHENYTOIN 


Subi 

Mean 

StDev 

Min 

Max 

1 

4 . 88 

0.00 

4 . 880 

4 . 880 

2 

0.29 

0.00 

0.290 

0 . 290 

3 

2 .49 

2.41 

0.130 

5.689 

4 

4.74 

3.31 

0.100 

10.240 

5 

6.30 

2.44 

3.530 

10.240 

6 

5.35 

1.63 

2 . 133 

6.400 

7 

2 .91 

2 .49 

0.192 

5.390 

8 

2 . 13 

0.00 

2 . 130 

2 . 130 

9 

0 .75 

0.71 

0. 102 

1.862 

10 

2 . 64 

2 . 24 

0.400 

4 .880 

11 

1.40 

1 . 52 

0.158 

3.300 

12 

0.26 

0.17 

0. 100 

0.497 

13 

1.19 

2.10 

0.108 

5 . 390 

14 

3 . 57 

1.71 

1.078 

5.390 

15 

3 .98 

2.75 

0.145 

6.400 

16 

2.81 

1.68 

0.103 

4 . 880 

17 

3 . 94 

0.00 

3 . 940 

3.940 

18 

2 . 05 

1.95 

0.102 

4 .880 

EEC  FREQUENCY  STATISTICS  FOR  SUBJECTS  ON  PLACEBO 


1 

2 .360 

3.95 

0.180 

10.240 

2 

3.300 

4 . 68 

0.276 

11.380 

3 

2 . 000 

2.48 

0.115 

6.400 

4 

3 . 270 

1.05 

1.830 

4 .880 

5 

1.400 

2.03 

0.130 

5.390 

6 

3.790 

2 .42 

0.366 

6.400 

7 

0.540 

0.35 

0.143 

0.957 

8 

0.570 

0.68 

0.147 

1.740 

9 

1 . 070 

1.90 

0.117 

4 . 880 

10 

2 . 680 

3 . 04 

0 . 119 

6.400 

11 

1.500 

1.48 

0.139 

3 . 300 

12 

3 . 100 

2.95 

0.137 

6.400 

13 

2 . 840 

2 . 12 

0.632 

5.390 

14 

1 . 620 

2 .40 

0 . 147 

6 .400 

15 

1.190 

1.48 

0.100 

3.940 

16 

2 . 770 

2 . 64 

0.113 

5 . 690 

17 

2 .830 

2 . 14 

0. 188 

5.390 

18 

0.155 

0.01 

0.141 

0. 170 

Statistics  are  for  malaise  periods  only. 
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APPENDIX  C:  CEPSTRUM  ANALYSIS 


"The  cepstrum  exists  in  various  forms  but  all  can 
be  considered  as  a  spectrum  of  a  logarithmic  (am¬ 
plitude)  spectrum.  This  means  that  it  can  be  used 
for  detection  of  any  periodic  structure  in  the 
spectrum,  e.g.  from  harmonics,  sidebands,  or  the 
effects  of  echoes"  (23:161). 


"Cepstrum"  comes  from  inverting  the  first  syllable  of  the 
word  "spectrum".  It  originated  in  1963,  and  its  first  intended 
application  was  in  seismic  signal  analysis  (23:162). 

Cepstral  analysis  was  chosen  for  this  research  because  of 
its  ability  to  detect  periodicity  in  the  spectrum  that  is  not 
readily  apparent  to  the  eye,  and  its  capability  to  measure 
that  periodicity  very  accurately  (23:184-186). 

Using  F:  to  represent  the  Fourier  Transform  of  the 
bracketed  quantity,  the  cepstrum  if  defined  as 

c(t)  =  |F:  {  log  F,,(f)  }  |  (2) 

v;here  Fj^^(f)  is  the  power  spectrum  of  the  time  signal  f„(t)  and 

I  f,(t)  )1"  (3) 

(23:163-164) 


A  periodic  signal  gives  a  periodic  structure  to  the 
spectrum,  v.-hich  in  turn  becomes  an  impulse  function  in  the 
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cepstrum  (23:171).  A  set  of  typical  signals  is  shown  in  Figure 
11.  Cepstrum  ordinate  metric  is  "relative  power". 


signals 

The  top  signal  is  EEG  data  from  the  frontal-midline  area  of 
the  skull.  Voltage  levels  are  skin-surface  values.  The 
corresponding  power  spectrum  is  shown  in  the  lower  left. 

No  periodicity  is  readily  evident  in  the  power  spectrum, 
but  the  cepstrum  (lower  right)  detected  some  periodicity.  The 
frequency  of  the  periodicity  in  Hertz  is  obtained  simply  by 
inverting  the  quefrency  value.  Quefrency  is  the  X-axis  of  the 
cepstrum.  "Quefrency"  comes  from  inverting  the  first  syllable 
of  the  word  "frequency"  (23:171).  In  this  example,  that 
frequency  is  approximately  .27  Hz.  Some  signal  does  appear  in 
the  pov;er  spectrum  around  .27  Hz,  but  the  cepstrum  clearly 
shows  a  .27  Hz  periodic  structure  within  the  power  spectrum.. 
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Figure  12  depicts  a  set  of  cepstral  graphs  used  in  this 
research.  All  were  derived  from  EEG  signals  similar  to  those 
shown  in  Figure  11. 


trial 

Malaise  periods  are  indicated  within  the  graphs.  BL  is  the 
baseline  period  (subject  in  chair,  prior  to  rotation) .  MI  and 
MIIA  are  Graybiel  malaise  periods.  MI  is  defined  as  slight 
malaise,  or,  the  initial  awareness  of  any  sickness  indicator. 
MIIA  is  moderate-to-severe  malaise,  identified  by  the  presence 
of  two  or  more  sickness  indicators  (20) .  Note  the  scale  change 
of  the  ordinate  for  period  MIIA. 

Figure  12  also  demonstrates  how  a  cepstrum  shows  the 
relative  contribution  of  component  signals  to  the  original 
signal.  In  malaise  period  MIIA,  the  signal  producing  the  .182 
Hz  (5.5  seconds  on  the  quefrency  scale)  constitutes  almost  30 


percent  of  the  total  power  of  the  original  signal.  Conversely, 
for  the  baseline  period  (BL) ,  no  one  signal  dominates  the 
structure . 
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